on the respiratory centre itself, the higher nervous centres, the heart, and other organs. The one exception to this rule seems to be in chronic cases, where in some way not yet understood, the body has become acclimatized to the imperfectly oxygenated blood, and cyanosis is not accormpanied by bad symptoms, nor does its disappearance on giving oxygen cause any relief.
When the blood becomes insufficiently saturated, the breathing is at first stimulated to a marked extent. But the increased breathing washes out too much carbon dioxide, and this soon neutralizes, to a large extent, the stimulating effect, so that it becomes scarcely noticeable even when consciousness is being lost. The breathing, however, becomes shallow and frequent, owing to enfeeblement of the respiratory centre.
The therapeutic administration of carbon dioxide is more recent than that of oxygen. It was first introduced generally by Yandell Henderson in the treatment of carbon monoxide poisoning in America, where oases are relatively frequent. Oxygen had hitherto been given in order to facilitate the expulsion of carbon monoxide from the blood, but it was found that when carbon dioxide was added to the oxygen the expulsion was greatly hastened owing to the increased breathing. Even if only air was used along with carbon dioxide the expulsion was faster than with pure oxygen. Another and I think very important factor comes in. I found that in an animal rendered helpless by breathing a certain percentage of carbon monoxide in pure air the symptoms were much ameliorated when expired air was substituted for the pure air without varying the percentage of carbon monoxide, or when about 5% of carbon dioxide was added to the pure air. The amelioration was evidently due to increased circulation through the brain, and I think that this effect, counteracting the depressant effect on local circulation of lack of carbon dioxide when the breathing is from any cause increased by want of oxygen, is a very important one.
Henderson has more recently laid great stress on another influence of carbon dioxide. When, after carbon monoxide poisoning, after serious operations, or under various other conditions, the breathing is feeble, it is apt to happen that a bronchial tube becomes blocked. The effect of this is that the air in the corresponding part of the lung is absorbed and collapse ensues which is apt to be followed by local pneumonia. Thi3 tendency is prevented by adding enough carbon dioxide to the inspired air to keep the depth of breathing normal. In new-born infants the expansion of the lungs is apt to be imperfect, followed by local pneumonia. The administration of carbon dioxide seems to be very useful in preventing this danger.
Another use for carbon dioxide is in getting anesthetics quickly into or out of the body.
It seems probable to me that the therapeutic uses of carbon dioxide are likely to become even wider than those of oxygen, but only clinical experience can decide as to this. In any case it seems to me that both oxygen and carbon dioxide are powerful therapeutic agents in a variety of cases, and ought always to be as available as other therapeutic agents.
As regards apparatus of this kind for medical use, I should like to stress the importance of instructing nurses in its use. Want of such instruction leads to great practical difficulties and invites failures in what may be very serious emergencies.
Oxygen has often been given by primitive methods which are practically useless because the patient breathes hardly any of the oxygen. One of these methods is to allow a jet of oxygen to play near the patient's face, and another is to let oxygen blow through a funnel placed over the patient's face. Oxygen, or carbon dioxide, should be definitely administered in definite measured amount, which can be varied at once according to its effects on the patient, and which can be continued for days when this seems necessary. The aim is, not to merely delay death, but to tide the patient over a dangerous emergency until nature's recuperative powers get the upper hand.
Dr. Guy Crowden demonstrated the Drinker Respirator, which had been developed in America for the administration of artificial respiration for long periods of time in severe cases of asphyxia or paralysis of the muscles of respiration. The body of the patient is enclosed in an air-tight box, while the head protrudes through an adjustable rubber collar which fits closely round the neck, but does not hinder the circulation. By means of a pump driven by an electric motor, air is sucked out of the box and a negative pressure produced, which in turn produces a negative pressure inside the thorax of the patient, and inspiration takes place as in normal respiration. The next phase is the opening of a valve which admits air to the box, and the pressure returns to normal, whereupon the elastic recoil of the chest and lungs causes expiration. Positive pressure in expiration is not necessary because adequate ventilation of the lungs is produced by a negative pressure of 12 to 18 cm. of water, or 8 to 10 cm. in the case of babies, followed by a return to normal atmospheric pressure. The operator can control the depth of respiration by means of a valve.
Dr. Crowden said that the problem of resuscitation in cases of gas poisoning and other conditions of asphyxia had been systematically attacked in America. The prone pressure, or Schafer, method of artificial respiration had been universally adopted and oxygen and carbon dioxide used as a routine for cases of carbon monoxide poisoning. In New York, where suicides were frequent, the gas companies and electric companies had undertaken a resuscitation service, and every man out of some 35,000 employed by those concerns was thoroughly instructed in methods of artificial respiration. As a result of this action, the lives of more than 50% of cases of attempted suicide by gas poisoning were now being saved in New York.
In this country the number of cases of gas poisoning with suicidal intent had been rising for some time. Twelve years ago it was approximately 300. In 1929 the figure was 1,285 and, including accidental cases, the total number of deaths from gas poisoning in Great Britain was 1,530. The figure for London was approximately 240. This problem was surely sufficiently serious to warrant a more rapid application of the sound principles governing artificial respiration laid down by Professor Schafer and the universal use of carbon dioxide and oxygen, the value of which had been proved beyond question.
The apparatus now demonstrated is not designed for immediate first aid in cases of gas poisoning, but for very severe cases which do not respond satisfactorily to the normal methods of artificial respiration, or which require treatment for long periods. The machine has proved of particular value in cases of poliomyelitis in children, in which paralysis of the respiratory muscles developed. Treatment in the machine could be continued for days or weeks, until the muscles of respiration regained their power. A number of successful cases have been treated in America with the apparatus. I am convinced that it marks a tremendous advance in the saving of life in patients who otherwise would die in a few minutes. The absence of cyanosis in the patient is the indication to the physician that adequate artificial respiration is being given by the machine. Oxygen and carbon dioxide can be administered to the patient in the machine by means of a hood.
Dr. E. P. Poulton (President) said that the ordinary nitrous oxide gas mask, with valves and a large balloon, was found most effective. Recently he had had a case of severe bronchitis and heart failure, in which the administration of pure oxygen for fifteen minutes by this means quieted the patient, and no further oxygen was needed.
Dr. Reginald Hilton showed by means of graphs, the comparative effect of various methods of giving oxygen on the composition of the alveolar air. He also demonstrated a rubber cap to fit over the nose which could be used directly from an oxygen cylinder or from a Haldane-Davies water-valve if economy in oxygen was desired. For simplicity of use the nasal catheter was unrivalled; the nose-cap was somewhat more efficient and was comfortable. The face-mask gave most oxygen to the lungs, but was not readily tolerated by patients suffering from pneumonia. The benefit of oxygen administration in pneumonia was not directly proportional to the amount given. Arterial blood-oxygen analyses showed that quite small quantities of oxygen, less than 1 litre per minute by a nasal catheter, removed much of the anoxcemia of pneumonia. More oxygen than this should be given however.
In some cases of pneumonia, carbon dioxide inhalation would increase the pain from pleurisy. Measurement of the tidal air, by the speaker, in a series of cases of pneumonia showed him that shallow breathing was not usually present. Indeed the tidal air was often increased. When we considered that part of the lung was solid, a normal tidal air meant over-ventilation of the rest of the lung. It would appear, therefore, that shallow breathing was not so important a cause of anoxaemia as had been thought. Shallow breathing would produce anoxaemia, but it had to be very shallow.
[Lantern slides were shown to demonstrate that in a normal person there was no reduction in the general alveolar oxygen pressure even when the breathing was diminished to half its normal value. Uneven ventilation could to some extent be compensated in anoxwmia, because better aeration in some areas tended to make up for poorer oxygenation in others, the arterial point being low on the hawmoglobin curve.
A case in which carbon dioxide administration had been found valuable was described. After a lumbar puncture in a patient with a positive Wassermann reaction, breathing almost stopped and the patient became intensely cyanosed, and unconscious. Carbon dioxide was given, at first continuously, and later at intervals. When it was stopped the breathing became extremely shallow and the cyanosis returned. Potassium iodide was given in large doses. After three weeks the breathing was again normal. It was thought that the patient probably had a cerebral gummal.
Dr. C. G. Douglas said that one difficulty which had to be faced by those who gave oxygen was lack of suitable apparatus. Obviously, the physician could not carry an oxygen chamber about with him, though one might carry around a Poulton oxygen tent. With Professor Haldane's apparatus he, the speaker, had during the War given oxygen continuously for three days to a case of pulmonary cedema resulting from phosgene poisoning. The mask was off for only five minutes an hour, and not at all during some hours. Luckily a good supply of oxygen was available in this instance. When treatment was commenced the man was already far gone. At first it was necessary to give 6 litres of oxygen per minute to abolish the cyanosis, but as the case improved the quantity of oxygen could be steadily reduced. Some patients had fought against the mask, but with persuasion, and patience at the commencement of the administration of oxygen, he had secured its tolerance. In three minutes a nurse could be taught how to use the Haldane apparatus.
He agreed as to the value of administration of oxygen by the nasal catheter; he had seen it used by Adrian Stokes during a gas attack in France, and it seemed very valuable. He, the speaker, had found that with the Haldane apparatus, using the same flow of oxygen, the increase in the alveolar oxygen percentage was twice as great as when the nasal tube method was used. At first Professor Haldane made the mask of his apparatus small, so as to avoid the accumulation of expired carbon dioxide, as that might increase the ventilation of the lungs. Yandell Henderson then began to show the beneficial effects of the administration of carbon dioxide; so that the fears originally entertained about the undesirability of a " dead space " were now shown to be unwarranted. The question of the administration of carbon dioxide opened up an interesting sphere. It was common to have such an apparatus in connection with mines in this country, where, of course, there was a risk of carbon monoxide poisoning. He was interested in the use of carbon dioxide in pneumonic conditions. First, in such cases there might be a failure of the respiratory centre; if so, one might succeed in stimulating it by increasing the normal stimulus, and so tide the patient over his dangerous period. The work of Haldane, Priestley and Meakins showed that the distribution of air through the lung must be, under ordinary circumstances, somewhat irregular, some areas being under-ventilated, others over-ventilated. That would be emphasized when the breathing became shallow. Possibly there were ill-ventilated tracts of alveoli in the lung, and the failure of the blood passing through such areas could not be compensated by the over-ventilation of the other parts. One could not tell by measuring the tidal air what was the distribution of air in the different parts of the lung. Assuming that in some pulmonary complaints the reduced ventilation of the lungs might be an important factor and might lead to anoxaemia, there would then be an indication for increasing the depth of the breathing by such means as giving a carbon dioxide and oxygen or air mixture.
In a case of serious illness in which the breathing was depressed, though not exceptionally rapid or shallow, there was always the danger of stagnation in some parts of the lung, with perhaps, blockage of bronchial tubes by mucus and a collapse of those parts, with, maybe, some pulmonary cedema. He had seen a case which made him wonder whether such a risk could not be obviated by, at intervals, increasing the volume of the breathing by a natural process. If the movements of the lung were increased, air would be driven into the lung, the tendency to collapse would be abolished and the flow of lymph encouraged. In one case that he recalled, the right lower lobe was blocked up by a pulmonary embolus, and there were crepitations at the base of the other lung which aroused the anxiety of the physician. Oxygen was administered to the patient with benefit, and carbon dioxide and air was then tried. The administration of carbon dioxide and air was rapidly followed by a disappearance of the crepitations on the sounder side of the chest. Hence the question of trying to prohibit hypostatic pneumonia was an important one. He did not know how long a patient could be kept on carbon dioxide and air without difficulty. The hyperpnoea, if at all pronounced, became irksome even to a normal person after some time, and if one were dealing with a patient suffering from pleurisy the increased breathing might accentuate the pain. He would be inclined to give carbon dioxide and air at intervals for five minutes at a time, alternated with the giving of oxygen.
A striking case seen during the European War was one of very acute pulmonary aedema under circumstances when it was too dark to distinguish the colour of the patient's face. He took observations of the pulse, and there was nothing more striking than the change noted two minutes after oxygen was given. Administration could be safely carried on in darkness, the influence of the oxygen being judged from the condition of the pulse.
He would like to see this question of treatment by means of carbon dioxide and oxygen seriously considered by the profession. Physiologists knew the efficacy of these measures, but seldom or never had opportunities of trying them on human patients. The necessary apparatus could easily be transported to the patient's bedside.
Dr. M. S. Pembrey said he hoped that the therapeutic claims of oxygen and carbon dioxide would not be pressed too far; one must not be misled into thinking that pneumonia was chiefly a case of anoxwmia. He did not think the mortality from pneumonia would be reduced by the early use of oxygen or carbon dioxide, because, as far as he could see, all the indications showed that in the rapid respiration one had a sign of toxic, cardiac and febrile effects. One could not explain on the basis of anoxcemia the question of the definite period of an infectious disease. Years ago, Dr. Beddard and he (the speaker), by means of mask and valves, determined the ventilation in a case of capillary bronchitis with dyspncea and cyanosis. Oxygen given in that case reduced the ventilation to a half. That was not found in cases of pneumonia.
The great value of oxygen and carbon dioxide was to tide a patient over emergencies. If he happened to be suffering from pneumonia he would regret the introduc-tion of oxygen and carbon dioxide in the treatment from the beginning, as the slightest resistance from the valves caused discomfort in breathing. Nor did he -think pneumonia or infectious disease would be cut short by giving these gases.
Dr. G. Marshall said that during the European War he had used the nasal catheter for the purpose a great deal, i.e., in gassed cases. Clinically the result was so good that he had been using the nasal catheter ever since, when giving oxygen therapeutically. With regard to pneumonias, a paper by Dr. J. J. Coghlan had recently appeared in the Lancet (1932, i, 13) , pointing out the remarkable effect of inducing artificial pneumothorax in unilateral lobar pneumonia; the cyanosis diminished and the respiration-rate fell. He asked whether Professor Haldane would attribute that improvement to a reduction of the volume of blood circulating through the pneumonic area after the latter had been immobilized by the pneumothorax.
Professor Haldane, in reply, said he agreed that in the early stages of lobar pneumonia there were no distinct indications of want of oxygen, and there was no reason for giving it then, though he did not think it would cause harm. It was in the later stages that it would probably tide the patient over the crisis, and he would be likely to die if it was not administered. The effects recorded by various observers, particularly by Meakins, in these stages, were very striking, when the lips were becoming dull in colour and the patient was delirious and sleepless. With the giving of oxygen these symptoms disappeared Probably the oxygen did not sborten the duration of the pneumonia, but it enabled the patient to reach the crisis safely.
With most of what Dr. Hilton brought forward he was in agreement, and the results were very interesting, and to him, the speaker, new. But with regard to alveolar oxygen going up with shallow breathing, he did not think Dr. Hilton had taken in the main point of the paper by himself and his colleagues. Even if the depth was only cut down to half, it was very uncomfortable. Dr. Priestley went on with it longest, and it made him rather ill; but his alveolar oxygen was up whenever it was taken, and it was that which convinced him (Professor Haldane) and his colleagues that the distribution of air in the lungs was irregular, and that the alveolar air as taken in the ordinary way was only an average sample of what was in the lungs. Adding a little oxygen to the inspired air relieved the symptoms. At first they were surprised to find the alveolar oxygen up. When he, the speaker, lay down his breathing became deeper and slower, though this was not the case with all people. His went down from 14 to 7 or 8. If he set his breathing-rate by a watch at 20 per minute while in bed, he was amazed to find that the breathing became periodic, alternately becoming deeper and shallower. In Cheyne-Stokes breathing, produced artificially, there was always some anoxawmia. Oheyne-Stokes breathing occurred readily in himself, but was difficult to produce in Dr. Priestley. It was possible to have a raised alveolar oxygen along with distinct anoxaemia. That explained the apparent difference between Dr. Hilton's results and the clinical experience of others. He, the speaker, had been at loggerheads with the Copenhagen school for many years, owing to the assumption by the latter that the alveolar air was of even composition.
He agreed that the physician should give oxygen in the best way he could; with the nasal catheter or with the tube in the mouth, in fact by any convenient method of which he had experience. If, however, the apparatus described was used, one knew what quantity the patient was actually receiving, and that it was being given with maximum economy.
CORRIGENDUM.
Proceedings, xxv, 348 (Sect. Therap. 2).-President's Address.
Professor Greenwood's regression equation should read:
Wt. = 0 408 X Ht. + 0-693 X S.L. -70-213. (not "plus 70-213 ").
